INTRODUCTION
ANYONE studying quantitative inheritance almost automatically enCounters complex problems which can usually be solved only partially or solved in the light of certain assumptions. An organism and experimental procedure chosen to minimise some of these complexities would be extremely desirable. The haploid inheritance in heterothallic Neurosporas, the short life cycle, the absence of heterosis and the ability to produce large numbers of offspring, both sexually and asexually, make certain species of this genus well suited for model studies of quantitative inheritance.
Problems of gene action, mutagenesis and recombination have been widely studied in microorganisms but little has been done with polygenic systems. Genetic variability must exist for a selection program to be effective, but storage of variability in heterozygotes is not possible in haploids. Bodmer and Parsons (1962) pointed out that the necessity for storing potential genetic variability is as important for microorganisms as for other organisms. The only mechanism capable of storing such variability, however, in the absence of heterozygosis or heterocaryosis, is the balanced polygenic complex.
Although very few selection experiments have been conducted on lower forms, an extensive literature has accumulated pertaining to selection in higher plants and animals. Chapman (1961) has compiled an extensive bibliography pertaining to selection in laboratory animals. Kojima and Kelleher (1961) have presented general information from Drosophila and mice experiments relevant to the planning of selection experiments and the understanding of genetic changes accompanying these experiments. Polygenic inheritance in Xeurospora was studied by Pateman (1955), (igg), Pateman and Lee (ig6o) , Lee and Pateman (1961) ,
and Lee (i 962) . In studying the effect of selection on ascospore size, they showed that phenotypic effects of polygenes on ascospore length were not simply additive but included a considerable amount of gene interaction. Linkage of part of the polygenic activity to the albino locus was also demonstrated. Simchen and Jinks (1964) , Simchen (1965) and Croft and Simchen (1965) , working with Schizophyllum commune and Golly bia velutipes, demonstrated the potential that fungi have in the elucidation of quantitatively inherited traits. Biometrical analyses of growth rate in dicaryons and their parental monocaryons provided an evaluation of genetic and environmental components of variation and also yielded knowledge of gene action in each stage. Statistical theory of quantitative inheritance in haploids has been considered by Robson (i7) , (1960) . Genetic models were designed to fit two different breeding systems. Federer et al. (1966) formulated 4 selection models to describe populations undergoing selection. They applied one selection model to a set of data obtained from experiments of Papa (1964) . Selection for an increased linear growth rate was practiced in J%Teurospora among progenies from inter-and intra-strain crosses. Estimates of the genetic and environmental components of variance were utilized in fitting the experimental data to the theoretical model. Generally quite good agreement was obtained between the observed and predicted response curves. Selection appeared to have reached asymptotic upper limits predicted by the model.
The work of Papa (1964) and Federer et al. (1966) was essentially a statistical approach to formulating and testing selection models. The intent of the present paper is to examine the selection results in more detail and in the light of existing genetical principles.
MATERIALS AND METHODS (I) Strains
Neurospora strains from Honduras and from the Philippine Islands and the standard St Lawrence strains of .W. crassa, 74A and 77a, were utilised in this study. The strains of 74A and 77a were supplied by D. Bonner while at Yale University. One mating type of the Honduras strain, Hon 3A, was obtained from R. N. Stover, Division of Tropical Research, United Fruit Company, LaLima, Honduras. The other mating type, Honsa, was obtained from S. R. Freiberg at San Alijo, Honduras. The two mating types of the Philippine Islands strain, 3-723-3A and 3-723-5a, were obtained as single ascospore isolates from a cross between P1-3, furnished by F. T. Orillo, College, Laguna, Philippine Islands, and an isolate collected by H. L. Everett, Cornell University, while at the Philippine Islands.
The necessity for maintenance of a high degree of fertility in crosses between widely differing strains was a major factor in the selection of the 3 strains to be used in this experiment. Previous crosses among these strains revealed that the .W. crassa and the Philippine Islands strains were quite similar, as judged by cross-compatibilities, whereas the Honduras strain was less compatible in crosses with the other two strains. ]V crassa, being the standard laboratory stock, undoubtedly has been fairly extensively inbred while the other strains have not. This is not to suggest, however, that opposite mating types of the laboratory stocks were isogenic.
(ii) Media Media used in culturing and crossing were essentially those described by Beadle and Tatum (1954) . Cultures were grown and maintained on a complete medium, whereas growth rates were measured on a minimal medium. A medium described by Westergaard and Mitchell (1947) was used for most crosses. Where difficulties were encountered in crossing on this medium, Difco Cornmeal agar was used.
(III) Crosses Ofthe z8 possible crosses ( crosses and their reciprocals) among the Neurospora strains used in this study, 14 were utilised. Initially only the standard JV crassa and Honduras strains were included but it soon became apparent that more efficient use of time and facilities could be realised by handling additional material. Consequently crosses between the N. crassa and Phillippine Islands strains were included.
The following 7 crosses plus their reciprical crosses were made. These crosses formed the basis for the experiments to be reported herein: 77a/74A,* Hon3A/Honla, 3-723-3A/3-723-5a, 77a/H0n3A, 74A/Honxa, 77a/3-723-3A and 74A/3-723-5a. In all subsequent crosses, cytoplasms were not controlled. All crosses were incubated at 25° C.
(Iv) Growth tubes Growth rates were measured in specially constructed growth tubes as described by Ryan ci al. (x94) . All tubes were inoculated with 2-week-old conidia from cultures obtained from single spore isolates. The inoculated tubes were incubated at x8°, 25°, or 35° C. In each incubator the growth tubes were completely randomised and placed on the same shelf. After an appropriate lag period, at which time the mycelia became established and were advancing at a uniform rate down the tubes, the frontier of growth was marked on the top of the tube. Elimination of this lag period from consideration permitted discrepancies due to differing sizes of inoculum to be avoided. Due to the uniformity of growth rate over the entire distance of the tube following the lag period, only initial and final marks were made. The distance between the marks was measured and growth rates recorded in millimeters per hour.
Considerable effort was made to perfect a uniformity of technique in preparing media and in handling growth tubes from one experimental run to the next. Certain direct comparisons were made only within sets of growth tubes prepared and then run simultaneously.
( (10 A's and 10 a's) were transferred into duplicate growth tubes and incubated at i8°, 25°, and C. Growth rates, based on the mean of duplicate tubes, were obtained for the 20 progeny at each of the 3 temperatures. The fastest growing two progeny of opposite mating type at each temperature were then crossed to give the next generation. Original vegetative cultures of the single ascospore isolates were retained throughout the mating type tests and growth rate determinations of these crosses. Thus, the individual isolates were maintained without subjecting them to unusual environmental stresses or selective pressures.
The crosses between the fastest individuals within each temperature gave rise to progenies which were isolated, mating type-tested and subjected to selection in the next cycle exactly in the same manner as already outlined. It should be stressed, however, that progeny isolated from crosses arising from the fastest parents at a particular temperature were subjected to selection only at that temperature in subsequent generations.
In order to obtain some idea of the sampling variability in the original i crosses a second sample of spores was taken from each original cross and the entire experiment repeated. Second samples were taken from all original crosses except 74A/ Honia. By the time the second sample was taken from this cross, the few remaining ascospores would not germinate. Several attempts at remaking the cross failed.
In some lines infertility increased to a point that necessitated a relaxation of the selection pressure. In such cases, crosses were made between the second fastest and third fastest in addition to the fastest of each mating type. In most cases, ascospores were obtainable from one of these. In 3 instances, the slowest of each mating type were crossed in an effort to maintain certain lines. One line was discontinued after 3 cycles of selection and more were discontinued after , , and 7 cycles.
(vi) Direct vs. indirect responses to selection After 10 cycles of selection for fast growth rate, each line having arisen by selection at one temperature was observed at the other two temperatures. Sixty progeny from zoth cycle crosses at all temperature levels were tested by taking single growth tube measurements on each in their previously selected temperature and also in the two unselected temperatures. To obtain the most accurate measure of direct and indirect responses, individuals selected continuously at each of the 3 temperatures for each cross and each replication were compared at the same time using the same batch of medium. Additional comparisons were made at several different cycles on the crosses involving 74A as either parent. In these crosses it was found that the F1 progenies were segregating with respect to temperature sensitivity. Information pertaining to the fate of the temperature sensitive gene(s), was obtained by comparing direct and indirect responses between the F1 and F1,, generations.
(vii) Realised heritability
The usual method by which selection responses are portrayed is by plotting the mean of the selected character against the number of generations in which selection was practised. A method which is more informative from a genetic standpoint, as it takes into account the intensity of selection, is to plot the response against the cumulative selection differential. The linear regression of the response on the cumulative selection differential is defined as the realised heritability (Falconer, 1955) . A regression coefficient corresponding to the realised heritability was obtained for each cross-temperature combination. In order to compare the various regression coefficients among crosses, temperatures and between reciprocal crosses, an analysis of variance was performed on the regression coefficients. Results from such an analysis are only approximate due to unequal variances of the regression coefficients. Such an analysis of variance, however, is analogous to an analysis of sub-class means consisting of disproportionate numbers. A more accurate analysis for the comparison of these coefficients was not considered necessary. (Ix) Error variance An estimate of the error variance (a2) was obtained for each cross (i) and ternperature (k) combination. The following analysis of variance on cycle means from both replications in each ij combination was conducted.
q is defined as the number of cycles in cross i and temperature k for which there are 2 replications. a is composed of error deviations from an assumed model, environmental variation, genetic variation, and/or error due to an incorrect model (Federer ci al., 1966) . The genetic portion of this component could arise from differences in the rate of fixation of genes and/or chance sampling of gene differences in the replicate selections.
RESULTS (I) Selection
Selection for increased growth rate among progenies of inter-and intra-strain crosses at 3 different temperatures (i8°, 25° and 35° C.) was generally quite effective. A small portion of these selection re- responses (table i) . Each value was based on ten or eleven generations with the exception of cross 77a/Hon3A at 350 C., which was based on only five generations. Selection differentials and mean responses at each generation were determined from the combination of both replications for all crosses except 74A/Honla, which consisted of only one replication.
The Selection responses presented in figs. 2, 3, and 4 are quite typical of the pattern of response noted from most crosses. There was generally quite good correspondence between replications with the exception of an occasional generation. These differences could usually be attributed to environmental influences and/or unfavorable genetic recombinants. An example of the former can be noted in generation 6 of replication i from cross Hon Ia/Hon3A at 25° C. (fig. 3 ). The progeny were slow growing and quite uniform as evidenced by the small genetic variance. Reduced mean growth rate resulting from
Fin. 3.-Rcsponse to selection for fast growth rate at 25°C. in the cross Honia/Hon3A. was equal to ooor82, 000433 and oooo6 at r8°, 25°, and 350 C., respectively. It was concluded that the temperature within a particular incubator was quite constant during the time necessary to obtain growth measurements from one set of growth tubes. Thompson (1960) arrived at a similar conclusion after testing the amount of variability among different sections within a 25° C. incubator over a 6o-hour period.
Estimates of the error variances (o) for Honla/Hon3A and Hon3AJHonIa at i8°, 25° and 35° C., are given below.
As can be seen from the above table, the estimated error variances increase with temperature. The estimates for the other crosses followed the same pattern. Averaging the estimates over all 14 crosses at each temperature resulted in the following average error variances for i8°, 25° and 35° C., respectively: ooo846, ooI895 and oiooi6.
Most of the responses when measured as the realised heritability (table i) were significantly different from zero, indicating that selection for fast growth rate had been effective in most crosses. Considerable variation, however, was present among these responses. Also, variation among the temperature means is evident, the response at i8° C. being midway between responses obtained at 25° and
The variation among the cross means, combined reciprocal cross means and temperature means was tested by the analysis of variance shown in table 2.
Highly significant differences were obtained among temperatures when tested against the error variance. Using Tukey's hsd procedure, the mean responses at each temperature were significantly different from the rest at the ooi level of significance.
The differences between these particular responses presumably reflect a difference in the availability of genetic variation at each of the 3 temperatures. The smaller realised heritability estimates at 25° C., and therefore a slower rate of progress, could be attributed to the inefficiency of artificial selection at that temperature. Since 25° more closely resembles the temperature at which most of the strains were cultured prior to selection, natural selection in favor of an internal balance within certain polygenic complexes had perhaps been operating.
Progress from artificial selection practised at 25° would therefore be impeded by the effects of previous natural selection. Artificial selection at i8° and 35°, however, appears to have been effective in modifying the effects of natural selection, thereby increasing the availability of genetic variation. The availability of genetic variation was presumably greater at 35° than at i8° C. This might be expected since 18° more closely resembles the temperature to which the strains had become adapted prior to selection than does C.
As a consequence of the differential availability of genetic variation with temperature, selection limits should be reached sooner at i8° and 35° than at 25° C. The number of generations involved in these experiments may not have been adequate to determine whether limits had been reached in lines selected at i8° and 35° and not at 25°. The results from direct and indirect selection responses, however, which indicate that more variability was retained in lines selected continuously at 25° than at either i8° or 35°, tend to support the argument developed above.
From the analysis of variance in table 2, the mean square for among crosses (reciprocals combined) was significantly greater than the mean square for temperature by reciprocals combined. By using the hsd to compare individual cross means, a significantly less response was obtained by selecting in crosses between 74A and 77a than in any other cross. This was not surprising since at the beginning of these selection experiments 74A and 77a were undoubtedly more highly inbred than were the other strains. Therefore, although significant responses were obtained in the two reciprocal crosses involving these two strains, the reduction in the variability considerably reduced the potential for a greater response.
No significant differences were obtained among crosses of the following: Hon3A and Honia, 3-723-3A and 3-723-5a, 3-723-3A and 74A, and 3-723-5a and 74A; nor among Hon3A and Honia, Hon3A Islands strains (3-723-3A,-5a) and either 74A or 77a showed no superiority over intra-strain crosses of the Philippine Islands strains. Significant differences were obtained between reciprocal crosses, as shown in table 2. With the hsd, a significant difference was obtained only between 77a/H0n3A and its reciprocal cross. An F-test on comparisons with one degree of freedom for each reciprocal pair, however, also resulted in a highly significant difference between 77a/74A and its reciprocal cross.
An extremely high heritability at 350 in 77a/Hon3A and an extremely low heritability at 350 in Hon3A/77a accounted for most of the difference between this reciprocal pair. The extremely high heritability in the one case was probably partially due to the fewer generations (5) of selection being involved in the estimate. In addition, in one generation the progeny mean of one replication far exceeded either parent, thereby contributing considerably to an increased heritability. Selection was discontinued in both replications of this line at 350 due to extreme infertility problems.
The extremely low heritability (o.o8) obtained at 25° C. for Hon3A/77a was indicative of an almost complete lack of response to selection. Essentially no increase in growth rate was observed in one replication, whereas in the other replication an approximately linear increase was obtained for the first five generations followed by a sharp decline. Recovery of the level of growth rate achieved prior to the decline was not obtained by the eleventh generation. Presumably, unfavorable genetic recombinants were obtained which had to be eliminated before additional progress could be made. No detectable adverse effects on fertility, however, were found to be accompanying this decline in growth rate.
In Table i , the response from selection in 77a/74A was consistently greater than in its reciprocal cross at all 3 temperatures. By figuring the realised heritability separately for each replication of these 2 reciprocal crosses, essentially the same results were obtained. Whether the difference in response between these 2 lines can be attributed to cytoplasmic effects is not certain. The F1 progeny means for both replications at all 3 temperatures of 77a/74A were less than the corresponding measurements of the F1 progeny means of 74A/77a, yet approximately the same upper limits were achieved for both crosses at the same temperature. Therefore, the fact that selection in 77a/74A began at a lower level, yet reached essentially the same upper limit as selection in 74A/77a, would account for the difference in the realised heritabilities.
With the exception of reciprocal differences between crosses of Measures of the indirect responses to selection were obtained by comparing the progeny means of lines subjected to selection at 3 different temperatures when grown at the same temperature. Data were obtained from 20 such comparisons involving it of the 14 crosses, each replicated twice except two. Quite similar growth rates were obtained in many of the lines regardless of the temperature at which prior selection had been practised. By comparing the mean responses of direct and indirect selection over all crosses and replications, the direct selection slightly exceeded either of the two indirect methods. A summary of these results, involving overall mean responses, is presented in table 3.
Individual comparisons among means and variances, although not presented, indicated that direct selection at j8° generally resulted in significantly higher growth rates than did indirect selection at 25° and C. Although significant differences occurred between the two indirect methods at j8°, neither method was consistently better than the other. Comparisons among direct and indirect responses for growth rate at 25° indicated that direct selection at °was significantly better than indirect selection at either i8° or 35° in most of the lines tested. Indirect selection for fast growth rate at 25° C. was generally better when practised at x8° than at 35°. For fast growth rate at 350, direct selection was almost consistently better than either indirect method. Indirect selection at 350 resulted in the exposure of some lines which were not adapted for growth at that temperature.
Direct selection at i8° and 35° resulted in lower variances among the progeny than either of the indirect methods. Of the indirect methods for obtaining improved growth rate at i 8° and 350, indirect selection at 25° was generally associated with a higher among progeny variance. Temperature sensitive progeny contributed much of the variability of indirect selection methods for improved growth rate at 350• However, by disregarding these progeny, indirect selection for fast growth rate at 350 was still associated with a higher variance than was direct selection. From these observations it can be concluded that considerably more variability was retained during selection at 25° than at either i 8° or 350 C. The reason is undoubtedly associated with the fact that prior to selection the strains included in this study were better adapted to an intermediate temperature at or near 250 C. Consequently, much of the variability present in the initial strains could be retained during continuous selection at 250. Apparently, much of this variability could be attributed to the segregation of genes which were relatively unimportant in controlling growth rate. Many of these genes, however, when subjected to extreme temperatures, were at a definite disadvantage and were selected against. Therefore, only the genotypes particularly favorable at extreme temperatures could be retained during selection for fast growth rate at i8° and 3° C.
(III) Temperature sensitivity
An interesting phenomenon occurred during indirect selection for fast growth rate at 350 C. In some crosses, involving 74A, and which had been subjected to selection at 18° and °, all of the progeny had an extremely slow growth rate at 35° C. A slow, rather uniform growth rate persisted for approximately 24 to 36 hours and gradually decreased until growth had essentially ceased. This particular phenomenon was presumably due to the presence of temperature sensitive, mutant alleles in 74A. The F1 progeny from crosses, involving 74A as either parent and when grown at 350 C., were all segregating in the ratio of one normal to one temperature sensitive. A considerable amount of variability, however, existed among the temperature sensitive F1 progeny.
To obtain information concerning the fixation or elimination of the temperature sensitive allele(s) during selection at three temperatures,
1ABLE
Retention and elimination of temperature sensitive allele(s) during selection for fast growth rate at z8° and 25°C.
F, Parents Since the progeny of each cross were grown at three temperatures, it was possible to detect whether parents selected from the F1 at i8° and 250 C. were temperature sensitive. Selection for fast growth rate at 350 C. resulted in the elimination of this character after one cycle of selection in most crosses and after two cycles in the rest. The pheno.. typic expression of temperature sensitivity, however, was not detectable in the lines continuously selected at i8° and 25° C.
Individuals chosen as parents from the F1 progeny of each cross involving 74A grown at i8° and 25° C., are shown in table 4. The parents are designated only as TS (temperature sensitive) or N (normal). After nine additional cycles of selection for fast growth rate, the F10 progeny were scored as being either TS or N.
In all instances in which either or both F2 parents were TS at 250 C., TS was retained during selection for fast growth rate. Since it was not present in the F2 parents, TS was undoubtedly acquired by mutation or contamination during selection in 74A/HonI a at 25° C.
Lines which originally carried TS alleles at i8°, were tested to determine at what stage in selection these alleles were lost. The F2 progeny of 3 crosses were segregating in the ratio of one TS to one N. The F3 progeny of the same 3 crosses, however, were all normal. In two other crosses, second cycle progeny had been discarded and could not be tested; however, the third cycles were normal. In crosses 74A/77a, replication one, and 3-723-5a/74, replication two, TS was retained throughout all stages of selection at s8° C. In 74Af77a both of the F2 parents presumably carried the same TS allele(s) and thus TS was genotypically fixed as early as the F2. The other cross, 3-723-5a/74A, was segregating in the fifth cycle and was completely TS in the sixth and subsequent cycles. TheF2-F4 progenies from this cross should have been grown at 350 in order to ascertain whether selection at i8°in the early generations of this line also caused the elimination of TS. If TS was eliminated, then the TS progeny observed segregating in the F5 would have resulted from a new mutation.
DISCUSSION
The fact that considerable variability was present in the original unselected parental cultures was evidenced by the effectiveness of selection for fast growth rate in the progeny of crosses between these lines. For a selection program to be effective, variability must be present or be induced. Using the amount of response as the measure of original variability, considerably more variation existed in the Honduras strains than in either the Philippine Islands strains or 74A and 77a. Selection in crosses between the Honduras strains and either 74A or 77a, however, resulted in the greatest responses. Presumably these two lines were genetically quite different, thereby allowing for the recovery of genetic recombinants with favourable genes for growth.
Infertility problems which were encountered in crosses between the Honduras strains and either 74A or 77a were further suggestive of considerable genetic differences between these two strains. Although crosses between the Philippine Islands and Honduras strains were not included in this study, one might predict the selection responses from such crosses would be similar to those observed between Honduras strains and either 74A or 77a. This prediction is based primarily on the similarities and the high degree of compatibility between the Philippine Islands strains and either 74A or 77a. Infertility problems were primarily manifest in fewer perithecia being formed, ascospores failing to mature and an increased frequency of mature ascospores failing to germinate. Similar phenomena were observed by Lee and Pateman (1961) in the selection for large ascospores in Jveurospara crassa. Reduction in fertility occurred at all three temperatures and at varying stages in the selection program. In some lines, infertility problems were encountered after two or three cycles of selection but were overcome by the fifth or sixth cycle. In others, in which these problems were never overcome, the selection pressure had to be relaxed and in certain cases selection had to be discontinued. In still others, loss of fertility was not encountered until after six or seven cycles of selection. Some of the inter-strain crosses, however, exhibited no infertility problems. Reduced fitness accompanying inbreeding and artificial selection has been extensively examined by Lerner (1954) , as well as by Mather and Harrison (ig), Thoday (1958) and many others. While most of the ideas put forth by these and other investigators have evolved from experimental work with diploids, many of them are applicable to haploid systems. Both systems are capable of building up homeostatic complexes of genes which can confer a certain degree of stability on the organism as well as provide for a reservoir of potential variability. Breaking up the genetic organisation of these complexes, however, usually affects more than one character. Apparently an example of this situation was encountered in the present experiment. A considerable increase in growth rate in some of the inter-strain crosses was obtained at the expense of fertility.
Selection for increased growth rate at three different temperatures corresponds to selection for improvement of three different characters. Although statistical differences could be demonstrated among these characters, there was obviously enough similarity between them to suggest that each was, to a large extent, controlled by the same set of genes. To test this hypothesis, genetic correlations, calculated in the manner described by Reeve and Robertson (1953) , were computed. There was apparently no consistent pattern in the nature of responses to direct and indirect responses within and among the strains and replications. Therefore, rather gross estimates of genetic correlations were obtained by basing them on the average percentage gain over all strains and replications. The genetic correlations determined in this manner were o84, 074, and O'73 between selections for improved growth rate at (i8° and 25°), (25° and 35°) and (i8° and 35°), respectively. Thus, in order to increase the growth rate at one temperature, selection at that temperature would be approximately 25 per cent, more effective than selection at either of the other two temperatures.
Comparisons among direct and indirect responses to selection at j8°, 25° and 3° C. at each cycle of selection would have been desirable. From such comparisons it might have been possible to follow any step-wise canalisation of genotypes which apparently was operating at each temperature. Crosses among improved lines arising by continual selection at different temperatures would also have permitted genetical differentiation between the lines.
It is suggested that a differential maintenance and availability of genetic variation with temperature existed. Although temperature can influence the supply of genetic variation by affecting recombination, this effect was not considered relevant in these studies since all crosses were made at one temperature (25° C.). The retention and elimination of temperature sensitivity during selection at 25° and i 8°, respectively, was further evidence of the maintenance of more variability at 25°t han at i 8°. Temperature sensitive allele(s) were presumably favored during selection for fast growth rate at °but were at a disadvantage during selection for fast growth rate at i8°.
5. SUMMARY i. Selection for fast growth rate was practised at 3 different temperatures in inter-and intra-strain crosses of .Jtfeurospora.
2. The greatest response, measured as the realised heritability, was obtained in crosses between the Honduras strains and the laboratory strains of either 74A or 77a. Infertility problems were generally encountered only in these crosses.
3. The least amount of progress was made in crosses between 74A and 77a.
. Evidence of cytoplasmic effects on growth rate was confined to the progeny of one cross.
5. Selection at 35° and i8° resulted in greater response than did selection at 25° C. Artificial selection at 25° was presumably impeded by the effects of previous natural selection.
6. Thus, selection for fast growth rate at 3 different temperatures corresponds to selection for the improvement of 3 different characters. Direct and indirect responses to selection for these 3 characters, however, suggested genetic correlations between them.
7. Temperature sensitive mutant allele(s) present in 74A, although eliminated early during selection at 35° and i8° C., were favored during selection at 25° C.
